Plant extracts with antioxidant activities have effect on male mule ducks performance, and livestock animals have a strong metabolism activity, due to their high production requirements. It can lead to oxidative stress disorders; deteriorate growth performance and even their health. The objective of this study was to assess the effect of a mixture of active ingredients of plant extracts, known for their antioxidant and anti-inflammatory properties, on performances of mule ducks, in rearing and force-feeding period. Then 3,200 day-old mule ducks (MMGxPKL) were separated in 2 groups (negative control and treatment = EL) ×4 replicates per group for the rearing period. Each group received the same feeding program. EL group was supplemented, until the force-feeding period, with a mixture of actives from plants incorporated at 0.5% in the complete feed. At 84 days, the live weight and the feed consumption were measured for each treatment. Blood samples were also taken to measure the activity of two antioxidant enzymes: SOD (superoxide dismutase) and GPx (glutathione peroxidase). For force-feeding, the ducks were separated among 3 farmers during 12 days. At slaughter, individual measures of breast and liver were conducted. At 84 days, mean live weight for EL group was improved by 3.7% (p < 0.001). Feed conversion ratio was also improved (4.50 versus 4.62). At slaughter, breast weight was higher for EL group (p < 0.01). A high variability in the results of the activities of antioxidant enzymes was obtained. A decrease in SOD activity in erythrocytes was observed for the EL group (p < 0.05). The results showed that the actives assessed in this study, distributed to ducks during the rearing period, had a beneficial effect on growth performance over that period. The mechanisms of endogenous antioxidant system and inflammatory responses remain to be elucidated.
Introduction 
The ROS (Reactive Oxygen Species) is oxide chemical species, permanently produced in aerobic organisms. They regulate the activity of transcription factors that control the expression of genes for many reactions (antioxidant, immunity, anti-inflammatory, apoptosis, etc.). Produced in too high quantity, they can also damage essential molecules by oxidation, such as DNA, proteins, lipids, or carbohydrate [1, 2] . The endogenous antioxidant system, mainly composed of enzymes, enables to modulate the quantity of ROS, so the oxidative damage they cause can be minimized.
Oxidative stress is an imbalance between ROS production and the activity of the antioxidant system, which leads to a rupture of the cellular signalization and to the apparition of oxidative damages [3] . In broilers breeding, internal or external factors may induce an increase of ROS production. Poultries have a strong cellular metabolism activity, due to their high production requirements. Moreover, feed (high level of polyunsaturated fatty acids, mycotoxin risks), vaccination, diseases, environment (ambiance, density), broilers collection, transport, are numerous events that can cause a stress to the birds. Many secondary metabolites, from plants, are recognized for their antioxidant properties [3] . In broilers production, these natural antioxidants enable to maintain welfare and health of birds, and would have positive effects on zootechnical performance and meat quality [1] .
Thus, the objective of this trial is to compare and D DAVID PUBLISHING
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highlight zootechnical and slaughter performance of mule ducks, which feed has been supplemented or not with a mix of actives with antioxidant and anti-inflammatory activity, made of plants extracts.
Material and Methods

Experimental Test
The trial has been conducted in the experimental building "La Cazelle" located in Gramat (46) from December 2015 to March 2016. Then 3,200 mule ducks (MMGxPKL) of one day old, from the same hatchery, have been randomly put in 8 pens of 400 ducks and separated into 2 groups (Control and Trial = EL, hence 4 pens per group) in order to get a same average weight at the beginning of the trial. Each pen was opened on an outside fenced environment. During the rearing period, both groups have followed the same feed program: a starter feed (1-28 days, MEA = 2,750 kcal/kg, 17% CP), and then a grower-finisher feed (29 days-force-feeding day, MEA = 2,850 kcal/kg, 15.8% CP). The birds of EL group were supplemented until force-feeding with a mix of plant extracts at 0.5% in complete feed. This blend contains phenolic acids and terpenes, well-known for their antioxidant and anti-inflammatory actions. At 84 days, ducks have been uniformly shared between 3 force-feeders, each of them receiving same number of birds from each group. During 12 days, the ducks have been force-fed with the same feed, according to the same force-feeding curve, and then slaughtered.
Measures
During the rearing period, weekly weightings of 50 birds per pen have been realized. At 84 days, before force-feeding, the whole pen has been weighted. Feed consumption has been measured weekly, and mortality daily. The day before force-feeding, a blood sample has been conducted on the head of 5 birds per pens, hence 20 samples per group. The samples have been sent to an exterior laboratory in order to determine the activity of two antioxidant enzymes: the Dismutase Superoxide under three forms (Cu/Zn, Mn and Fe SOD) and the GPx (Peroxydase Glutathion) in the erythrocyte lysates and in the plasma. The activity of the enzymes has been indirectly measured by a colorimetric method. At slaughtering, individual weights of the livers and breasts have been measured.
Statistical Analysis
Data treatment has been done with Excel® and the statistical analysis with RStudio® software. During the rearing period, average weight, ADG (average daily gain) and FCR (feed conversion ratio) per pen have been calculated weekly. At 84 days, average weights of each group have been compared thanks to a t-test of Student (α = 5%).
For FCR and mortality, we have focused on the difference observed between each treatment. For results after force-feeding, the effects of the force-feeder and of the treatment on fat liver and breasts weights, main technical criteria at slaughtering, have been assessed by the analysis of the variance at 2 factors (α = 5%). A test of comparison of the average (Student t-test of Wilcoxon test if the data did not follow a normal low and/or the variances were not equal) has been realized to determine the effect of the treatment on the activities of SOD and GPx in plasma and in erythrocytes.
Resultats and Discussions
Zootechnical Performances during Rearing
The technical results of both groups during rearing are represented in Table 1 . Mortality at the end of the rearing period was the same for each group. It has mostly occurred for both groups at the beginning of rearing, thus having low impact on performances at 84 days. Fig. 1 represents growth curve of ducks from 1 to 84 days for both groups. At force-feeding time, the average weight of the birds of batch "EL" was significantly higher with an increase of live weight of 3.7% versus "Control" group. The last weight took place after fasting period (> 24 h), so it explains the loss of weight observed on the curve between 77 and 84 days.
At 84 days, the total feed consumption has been higher for birds of "EL" group, with 17.857 kg feed consumed by the ducks, on average, versus 17.643 for the birds of "Control" group. Also, the FCR at 84 days has been improved non-significantly of 2.6% for birds of "EL" batch (FCR EL = 4,501 and FCR Control = 4,622).
In several studies dealing with the effects of plants extracts of antioxidant properties, growth performances of poultry have been positively improved. For instance, the addition of oregano essential oils in the feed of Pekin ducks from 1 to 56 days enables to improve significantly the live weight of the birds from 21 to 56 days old, as well as the FCR [4] .
Similarly, when broilers feed is supplemented with curcuma or thyme extracts, the live weight of the birds is increased and the FCR decreased [5] . Similar results have been obtained with the addition of rosemary or anise extracts [6] [7] [8] . The plants extracts with antioxidant activity also have a positive impact on the ileal microbiote [8] and the digestion. They also show anti-microbial and anti-inflammatory properties.
In our study, the administration of phenolic acids and terpenes, well-known for the anti-oxidant and anti-inflammatory activities, has confirmed those results on growth performances.
On the contrary, in other studies, the addition of extracts with anti-oxidant activities did not have any effect on zootechnical performances [9, 10] . According to Ref. [9] , these contradictory results can be explained by highly controlled experimental conditions, which do not always enable to highlight effects on animal performances. Moreover, the concentration of flowers, of leaves, the extraction process can have an impact on the quality of the extract, on its composition in active substances, and on their stability.
Performances at Force-Feeding
Results at slaughter are presented in Table 2 . The statistical analysis showed a significant effect of the force-feeder, but no interaction with the treatment. The weight of breasts was significantly improved for birds of "EL" group (Fig. 2) .
The administration of phenolic acids and terpenes during breeding had no impact on fat liver weight (Fig.  3) .
In this trial, the improvement of breasts weights can be due to a better live weight at force-feeding. The effects of the actives fed during rearing did not seem to persist on fat livers during force-feeding. However, trials conducted by IDENA in 2014 (internal results, not published) have shown the beneficial effects of phenolic acids and terpenes during force-feeding and fat liver weights. Studies on fat liver quality showed that livers with low yield after cooking were at a stage of advanced steatosis, during which the cells would settle defense mechanisms, such has the increase of the activity of the anti-oxidant system. Thus, it would lead to an increase of oxidative stress during steatosis [11, 12] . This is why the administration of antioxidants during force-feeding can be interesting to protect hepatic cells.
Activities of Anti-oxidant Enzymes
The results of the dosing of enzymatic activities are presented in Table 3 . The activity of the GPx in plasma or in the erythrocytes was the same for both groups. Also, we did not observe any difference of the activity of SOD in plasma. However, in erythrocytes, Table 2 Averages and standard deviations of individual weights of livers and breasts per force-feeder and per treatment, and results of ANOVA 2 factors (analysis per force-feeder). No interaction < 2×10 -16 No interaction its activity was significantly lower for birds of "EL" group. The CV (coefficient of variation) was high for these results. For broilers whose feed was supplemented with essential oils of rosemary having anti-oxidant activity, a decrease of blood SOD has been shown [7] . On the contrary, some studies showed an increase of the activity of these enzymes. For broilers, in a study that tested the effects of several plants extracts, namely rosemary, an increase of the activity of the GPx has been observed in the plasma. The results obtained for SOD were very variable [13] . With curcuma extracts, an increase of the activity of these two enzymes was also observed, but the effect was canceled for SOD because of a heat stress [14] .
Weights of breasts Weights of livers
Finally, Ref. [9] showed an increase of GPx and SOD in blood samples of ducks fed with oregano extracts, while broilers also fed with oregano extracts did not show any effect on the activities of SOD, GPx and CAT measured on breasts samples [15] . Thus, results obtained with anti-oxidants of natural sources are contradictory [13] and the concentration of anti-oxidant enzymes does not seem to be a reliable criteria on the oxidant status of the bird.
In plasma and in tissues, the natural actives have a pro-oxidant effect and activate factors of cellular transcription. This leads to a dynamic response, starting with an increase of anti-oxidant elements, followed with their decrease, and finally leading to their basal production. Thus, it is difficult to determine the proper stage, if the response is measured at only one moment [16] . These results can also vary according to the dosis, the type, and the quality of the tested extract, but also according to the nature of the studied tissue [7, 9] , since liver and blood cells do not respond similarly [13] .
And because the liver is solicited to a great extent for fat duck, it could be interesting to target this organ for study of the anti-oxidant response. Eventually, blood analysis must follow strict protocols, because there can be a fast degradation of interesting molecules. The enzymatic activities can evolve between the sampling and the treatment of samples at laboratory.
Conclusion
In this study, the supplementation of phenolic acids and terpenes was beneficial in the feed of ready-to-force-feed mule duck. These actives could also have an interest in other farm productions such as males breeders (fertility) or females (embryo and viability of the chicks), but also on meat quality, and it will be interesting topics to investigate.
Also, the effect of endogenous anti-oxidant system must be precise to find a relevant indicator of anti-oxidant response. Moreover, the characterization of anti-inflammatory effects of the natural actives can be interesting to study.
